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(57) ABSTRACT 

A linearized peristaltic pump has a substantially circular 
elastomeric tube (30) clamped Within a pump housing (1) 
and a plurality of tube-engaging rollers (40) adapted to 
compress the tube (30) to pump ?uid from an inlet end (33) 
to an outlet end (34). The tube (30) is clamped longitudinally 
by a circlip (35) so as to have a ?attened clamped part (31) 
and a bulbous unclamped part (32) Which is engaged by the 
rollers (40). The rollers (40) are mounted on the outer ends 
of spring-loaded rotor arms (42) and move on a cam track 
(50) to alter the compression of the tube (30) progressively 
in a tube-encountering sector (E-B) and a tube-releasing 
sector (C-A). 

18 Claims, 3 Drawing Sheets 
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LINEARIZED PERISTALTIC PUMP 

This invention relates to peristaltic pumps, and is par 
ticularly concerned With providing an improved peristaltic 
pump in Which pulsatility is substantially reduced. 

The necessities of having positive displacement of ?uids, 
uninterrupted ?oW, little or no pulsatility and good linearity 
of delivery are usually seen as mutually exclusive criteria for 
pump design. The linear but cyclic delivery of a syringe-type 
pump or the pulsatile but continuous output of gear or vane 
pumps require unacceptable compromises for some 
applications, especially When complex and expensive pump 
types are precluded. Additional requirements of Zero leak 
through, ease of manufacture, loW maintenance, loW cost 
and precise delivery rates place additional burdens on design 
approach. 

Peristaltic pumps arc usually simple in construction, 
have intrinsic valving and little or no leak-through, require 
loW driving forces, provide positive delivery, have uninter 
rupted ?uid paths, and are also suitable for pumping aggres 
sive ?uids. HoWever, conventional peristaltic pumps gener 
ally suffer from pulsatility and chaotic delivery rates. It is 
therefore desirable to provide a peristaltic pump in Which at 
least some of the disadvantages of non-linear peristaltic 
pumps are alleviated. 

It is also desirable to provide a linearised peristaltic 
pump that is inexpensive and simple to manufacture and 
assemble. 

It is also desirable to provide a positive displacement 
peristaltic pump that has negligible pulsatility and Which can 
provide a consistent delivery of ?uid. 

According to one aspect of the invention there is pro 
vided a linearised peristaltic pump comprising a pump 
housing, a tube Within the pump housing, and tube-engaging 
means adapted to engage With the tube to pump ?uid from 
an inlet end of the tube to an outlet end of the tube, Wherein 
the tube is clamped longitudinally Within the housing in such 
a manner as to reduce the internal cross-sectional area of the 
tube. 

Preferably, the tube is clamped longitudinally by clamp 
ing means over part of its transverse dimension so as to have 
a substantially ?attened clamped part and a bulbous 
unclamped part. In its clamped condition the cross-sectional 
shape of the tube generally resembles a letter “P”. The tube 
engaging-means is arranged to engage and compress the 
bulbous unclamped part of the tube to pump ?uid along the 
tube. By clamping the tube longitudinally in this manner, all 
but the desired deformations of the tube required for pump 
ing are substantially eliminated removing one of the major 
sources of non-linearity in peristaltic pumps. 

The tube-engaging means may take any convenient form 
Which is arranged to engage and compress the tube progres 
sively betWeen its inlet end and outlet end. Conveniently, the 
tube-engaging means comprises a plurality of tube-engaging 
members, preferably in the form of rollers, movable Within 
the housing relative to the clamped tube. The tube-engaging 
members are preferably arranged to engage and compress 
the tube during only part of its length betWeen its inlet and 
outlet ends. The tube is preferably engaged progressively by 
the tube engaging members in a ?rst tube-encountering 
sector, fully compressed in a second, ?uid-displacing sector 
in Which the lumen of the tube is completely closed, and then 
alloWed to relax progressively in a third, tube-releasing 
sector to resume its uncompressed, clamped cross-section. 
This controlled encounter and release of the tube reduces the 
?uid-displacing volume of the pump but has the advantage 
of reducing ?oW variations and pulsatility to negligible 
levels. 
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2 
Preferably, the ?uid-displacing sector is of substantially 

equal siZe to the tube-encountering and tube releasing sec 
tors. 

In a particularly preferred embodiment, a plurality of 
tube-engaging rollers compress the tube during the ?uid 
displacing sector and are movable on a cam track during the 
?rst, tube-encountering and third, tube-releasing sectors so 
that the compression of the tube is altered progressively as 
the rollers move Within the ?rst and third sectors. 

According to another aspect of the invention there is 
provided a linearised peristaltic pump comprising a pump 
housing, a tube located Within the housing, and a plurality of 
tube-engaging rollers engageable With the tube to compress 
the tube to pump ?uid from an inlet end of the tube to an 
outlet end of the tube, Wherein the rollers are movable on a 
single cam track having a single tube-encountering sector in 
Which the compression of the tube is increased progressively 
to alter the cross-sectional area of the tube in a linear 
manner, a single ?uid-displacing sector in Which the tube is 
fully compressed, and a single tube-releasing sector in 
Which the compression of the tube is decreased progres 
sively to alter the cross-sectional area of the tube in a linear 
manner, Wherein the tube-encountering and tube-releasing 
sectors of the cam track are of substantially the same length 
to achieve a substantially linear and pulseless ?uid delivery. 
A linear peristaltic pump having a substantially straight 

tube may be provided in accordance With the invention, but 
preferably the linearised peristaltic pump is a rotary pump 
having a tube Which occupies a substantially circular path 
Within the pump housing, the tube being engageable by a 
plurality of tube-engaging members rotatable Within the 
pump housing. The tube may be conveniently clamped 
betWeen a clamping member and a Wall of the housing. 
Preferably, the tube-engaging members comprise rollers 
Which are mounted on the ends of arms connected to a rotary 
member rotatable about the central axis of the housing. The 
rollers are preferably spring urged in a radially outWards 
direction into contact With the cam track during the tube 
encountering, ?uid-displacing and tube-releasing sectors. A 
pump of this construction is simple and relatively inexpen 
sive to manufacture and assemble and can provide a con 
sistent delivery With negligible pulsatility. 

In a preferred embodiment, the tube is fully compressed 
in the ?uid-displacing sector Which occupies approximately 
one third of the circumference of the substantially circular 
arc of the tube. 
A preferred embodiment of the invention Will noW be 

described, by Way of example only, With reference to the 
accompanying draWings, in Which: 

FIG. 1 is a schematic plan vieW of a linearised peristaltic 
pump With part of the housing removed; 

FIG. 2 is a sectional vieW at position A of FIG. 1; 
FIG. 3 is a sectional vieW at position B of FIG. 1; 
FIG. 4 is a sectional vieW at position C of FIG. 1; 
FIG. 5 is a schematic internal perspective vieW of part of 

the pump of FIG. 1. 
The linearised peristaltic pump shoWn in the draWings 

comprises a pump housing 1 having ?rst and second housing 
parts 10 and 20 respectively, an elastomeric tube 30 clamped 
Within the housing 10 and a plurality of tube-engaging 
rollers 40. 

The ?rst housing, part 10 is in the form of a substantially 
circular plate 12 having a generally annular ?ange 14 at or 
adjacent to its periphery 15. The ?ange has circular outer 
surface 16 and an eccentric inner surface 18. The second 
housing part 20 is in the form of a circular closure plate 22 
With a depending peripheral annular side Wall 24. The side 
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Wall 24 is of stepped form having a thicker intermediate 
portion 26 betWeen a ?rst end portion 28 adj acent the closure 
plate 22 and a second end portion 29 Which abuts the 
peripheral region 15 of the ?rst housing part 10. 

As shoWn in FIGS. 2 to 5, the tube 30 is clamped 
longitudinally in the housing by a clamping ring 35. The 
clamping ring 35 comprises a circlip Which is generally 
L-shaped in cross-section having an outWardly extending 
peripheral portion 36 and an annular clamping portion 38. 
The peripheral portion 36 is received betWeen the interme 
diate portion 26 and the closure plate 22 of the second 
housing part 20. 

The clamping portion 38 of the circlip 35 is arranged to 
clamp and compress approximately half of the Width of the 
tube 30 betWeen the radially outer cylindrical surface of the 
clamping portion 38 and the thicker intermediate portion 26 
of the side Wall of the second housing part 20. With about 
half of the tube 30 clamped in this manner, the tube 30 is 
deformed so that it is generally P-shaped in cross-section 
having a generally ?at clamped part 31 and a bulbous part 
32 engageable by rollers 40. 

The tube-engaging rollers 40 are rotatably mounted on 
the ends of roller arms 42 the other ends of Which are 
pivotally connected to a circular rotary member in the form 
of a disc 44 mounted for rotation about the centre O of 
housing 1. The roller arms 42 extend substantially tangen 
tially to the disc 44 and are connected to the disc 44 by 
spring-loaded pivotal connections 46 Which urge the rollers 
40 outWardly into contact With a cam track 50 formed by the 
eccentric inner surface 18 of the raised ?ange 14 of the ?rst 
housing part 10. As shoWn in FIG. 1, the cam track axis X 
is offset from the central axis O of rotation of the rotary disc 
member 44 by a distance d. 

As shoWn in FIG. 1, the clamped tube 30 occupies almost 
a complete circular path around the central axis of the 
housing and has an inlet portion 33 extending through an 
opening in the housing to an inlet port (not shoWn) and an 
outlet portion 34 extending outWardly through an opening in 
the housing to an outlet port (not shoWn) of the pump. In use, 
the inlet port of the pump is connected to a source of ?uid 
and the outlet port is connected to a chamber or vessel to 
receive ?uid from the pump. 

The eccentricity of the cam track is such that the eccen 
tric inWardly facing surface 18 of the ?rst housing part 
forming the cam track 50 is closest to the central axis O of 
the pump housing at circumferential position just before the 
outlet portion 34 of the tube leaves the pump housing 1 
indicated by position A in FIGS. 1 and 2, and in a diametri 
cally opposite position D the inWardly facing surface 18 is 
farthest aWay from the central axis O. 

The offset d of the cam track axis is such that in position 
Athe inWardly facing surface 18 of the cam track 50 is closer 
to the central axis O of the pump housing than the Wall of 
the bulbous part 32 of the tube 30, Whereas in the diametri 
cally opposite position D, the inWardly facing surface 18 of 
the cam track 50 is approximately level With the radially 
inWardly facing surface of the thicker intermediate portion 
26 of the pump housing. The arrangement is such that the 
tube-engaging rollers 40 engage the tube 30 fully in a 
?uid-displacing sector extending over approximately one 
third of the circumference of the pump housing 1 on either 
side of position D betWeen positions B and C, and the rollers 
40 engage the cam track over the remainder of the circum 
ference of the pump housing 1 on either side of position A. 
As shoWn in FIGS. 2 to 5, the rollers 40 are suf?ciently Wide 
to compress the tube 30 and to engage the cam track. 

In operation, the rotary disc member 44 of the pump is 
rotatably driven by any convenient drive means, such as a 
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4 
loW poWer D.C. electric motor or a stepping motor. As the 
disc member 44 rotates (in the clockWise direction as shoWn 
in FIG. 1) each roller 40 in turn moving on the cam track 
starts to engage the tube 30 at a circumferential position E 
soon after the position at Which the inlet portion 33 of the 
tube enters the pump housing 1. The roller 40 then com 
presses or “crimps” the bulbous region 32 of the tube 
progressively in a ?rst, tube-encountering sector E-B until 
position B When the tube 30 is fully compressed by the roller 
49 Which is no longer in engagement With the cam track 50 
as shoWn in FIG. 4. 

The roller 40 continues to camp the tube 30 fully as it 
moves in the second, ?uid-displacing sector past position D 
until it comes into contact again With the cam track in 
position C as shoWn in FIG. 3. Crimping of the tube then 
ceases and the tube 30 is progressively alloWed to regain its 
normal uncrimped cross-section as the roller 40 moves in a 
third tube-releasing sector. As shoWn in FIG. 2, the tube 30 
has fully relaxed to 34 its normal uncrimped cross-section in 
position A just before the outlet portion 34 of the tube 30 
leaves the housing 1. 

AlloWing the pumping tube 30 to relax in a progressive, 
controlled manner to its normal uncrimped cross-section 
before the outlet portion 34 of the tube 30 leaves the housing 
1 has the effect of not only linearly reducing the output 
volume per revolution but also reducing ?oW variations to 
negligible levels. The longitudinal clamping of the tube 30 
by the clamping ring 35 locates the tube 30 accurately and 
holds the tube 30 securely against the shear forces of the 
rollers 40. The clamping of the tube 30 in its generally 
P-shaped cross-sectional form eliminates all but the desired 
deformations of the tube during pumping, and so an 
inexpensive, thin-Walled tubing may be used instead of an 
expensive, specially moulded silicone rubber tubing. 

It can be seen that the delivery rate is the main delivery 
volume less the delivery-reducing stroke of the departing 
roller. By suitable pro?ling of the cam track, the smooth 
arrival and departure of the rollers and therefore the smooth 
aspiration of the inlet and outlet volumes can be achieved. 

The advantages of a pump as described above in accor 
dance With the invention are several. Readily available, 
standard components such as elastomeric tubing and rollers 
can be used and so the pump is relatively inexpensive to 
manufacture. The pump does not include any valves, uses 
resilient plastic rotor arms instead of springs, and is simple 
to make and assemble. The elastomeric tube is immune to 
aggressive ?uids. The pump is self priming and provides 
positive displacement With an unbroken ?uid path, no “leak 
trough” or vapour locking. It provides a consistent delivery 
With negligible pulsatility. The pump has loW poWer 
requirements, requires little or no maintenance and can be 
made in different siZes for different requirements. 

It Will be appreciated that various modi?cations may be 
made to the embodiment described above Without departing 
from the scope or spirit of the invention. For example, Whilst 
the embodiment shoWn in the draWings has three tube 
engaging rollers, a different number of rollers may be 
provided. Also, Whilst simple shaping of the cam track can 
be employed to attain adequate linearity, highly precise cam 
track pro?ling can be used to attain substantially perfect 
linearity. 
What is claimed is: 
1. A linearised peristaltic pump comprising: 
a pump housing, a tube Within the pump housing, tube 

engaging means adapted to engage the tube and move 
able Within the housing to pump ?uid from an inlet end 
of the tube to an outlet end of the tube, and tube 
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clamping means for clamping the tube longitudinally 
along the length of the tube Within the housing in such 
a manner as to reduce the internal cross-sectional area 

of the tube. 
2. A pump according to claim 1 Wherein the tube 

clamping means clamps the tube over part of its transverse 
dimension so as to have a substantially ?attened clamped 
part of a bulbous unclamped part. 

3. A pump according to claim 2 Wherein the tube 
engaging means is arranged to compress the bulbous 
unclamped part of the tube betWeen the inlet end and the 
outlet end of the tube. 

4. A pump according to claim 3 Wherein the tube 
engaging means is arranged to compress the tube during 
only part of its length betWeen the inlet and outlet ends of the 
tube. 

5. A pump according to claim 4 Wherein the tube is 
engaged progressively by the tube-engaging means in a ?rst, 
tube-encountering sector, fully compressed in a second, ?uid 
displacing sector and then alloWed to relaX progressively in 
a third, tube-releasing or to resume its uncompressed, 
clamped cross-section. 

6. A pump according to claim 1 Wherein the tube 
engaging means comprises a plurality of the tube-engaging 
members movable Within the housing relative to the 
clamped tube. 

7. A pump according to claim 6 Wherein the tube 
engaging members are in the form of rollers movable on a 
cam track during tube-encountering and tube-releasing sec 
tors to alter the compression of the tube progressively as the 
rollers move Within those sectors. 

8. A linearised peristaltic pump comprising a pump 
housing, a tube located Within the housing, and a plurality of 
tube-engaging rollers engageable With the tube to compress 
the tube to pump ?uid from an inlet end of the tube to an 
outlet end of the tube, Wherein the rollers are movable on a 
single cam track having a single tube-encountering sector in 
Which the compression of the tube engaged by the rollers is 
increased progressively to alter the cross-sectional area of 
the tube in a linear manner, a single ?uid-displacing sector 
in Which the tube is fully compressed, and a single tube 
releasing sector in Which the compression of the tube is 
decreased progressively to alter the cross-sectional area of 
the tube in a linear manner Wherein the tube-encountering 
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and tube-releasing sectors of the cam track are of substan 
tially the same length to achieve a substantially linear and 
pulseless ?uid delivery. 

9. A pump according to claim 7 Wherein the pump is a 
rotary pump having a tube Which occupies a substantially 
circular, arcuate path Within the pump housing, the plurality 
of tube-engaging rollers being movable on an eccentric 
surface Within he pump housing. 

10. A pump according to claim 9 Wherein the tube is 
clamped longitudinally along its length betWeen a clamping 
member and a Wall of the housing. 

11. Apump according to claim 10 Wherein the clamping 
member comprises a circlip Which clamps part of the tube 
against an annular Wall of the housing. 

12. A pump according to claim 9 Wherein the tube 
engaging rollers are mounted to a rotary member rotatable 
about the central aXis of the housing. 

13. Apump according to claim 12 Wherein the rollers are 
urged in a radially outWards direction into contact With the 
cam track during the tube-encountering, ?uid-displacing and 
tube-releasing sectors. 

14. A pump according to claim 13 Wherein the ?uid 
displacing sector eXtends over approximately one third of 
the circumference of the substantially circular arc of the 
tube. 

15. A pump according to claim 14 Wherein the tube 
encountering and tube-releasing sectors during Which the 
rollers move on the cam track each eXtend over approxi 
mately one third of the circumference of the substantially 
circular arc of the tube. 

16. A pump according to any one of claims 11 to 15 
Wherein three rollers are mounted to the rotary member at 
circumferentially spaced locations around the rotary mem 
ber. 

17. A pump according to claim 9 Wherein the rollers are 
mounted on the outer ends of resilient arms extending 
generally tangentially to the rotary member, the inner ends 
of the arms being connected to the rotary member by 
spring-loaded pivotal connections Which urge the rollers on 
outer ends of the arms in a radially outWards direction. 

18. A pump according to claim 1 Wherein the tube is 
formed of an elastomeric material. 


